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ABSTRACT 

The Brookhaven Nat iona l  Labora tory  (BNL) tubu la r  moving-bed r e a c t o r  was 
used t o  perform g a s i f i c a t i o n  exper iments  w i th  Wellmore Kentucky No. 8 b i t u -  
minous c o a l  under mild r e a c t i o n  c o n d i t t o n s  a t  two l e v e l s  of t h e  p rocess  va r i -  
ab l e s :  t empera tures  of 550" and 650°C, c o a l  p a r t i c l e s  r e s idence  times of 0.1 
min. and 2 min.; and l i m e  a d d i t i o n  of 0% and 10% of the  c o a l  f e d ,  w i th  i n e r t  
N2 a s  t h e  sweep gas .  Using a f r a c t i o n a l  f a c t o r i a l  s t a t t s t i c a l  d e s i g n ,  t he  
i n t e r a c t i v e  e f f e c t s  of process  v a r i a b l e s  were eva lua ted .  The h i g h e s t  t o t a l  
hydrocarbon y i e l d  of 22.6% (MAF) was ob ta ined  a t  650°C and 2 mtn. coal resi- 
dence t i m e  i n  t he  presence  of 10% l i m e  a d d i t t v e .  The gaseous hydrocarbon 
y t e l d  added o n l y  another  0.8% t o  t he  t o t a l  hydrocarbon y i e l d  under t h e  above 
condi t i o n s .  

The e f f e c t  of c o a l  r e s idence  t i m e  on t o t a l  hydrocarbon y i e l d  was s i g n i -  
f i c a n t  on ly  a t  the  h igher  tempera ture  l e v e l  of 650°C and i n  the  presence  of 
t h e  l i m e  a d d i t i v e .  In g e n e r a l ,  i n c r e a s e  i n  r e s idence  t L m e ,  o t h e r  c o n d i t i o n s  
being e q u a l ,  t ends  t o  dec rease  t h e  r e t e n t i o n  of s u l f u r  t n  char .  The presence  
of lime i n  t h e  feed  had a b e n e f i c i a l  e f f e c t  on t he  r e t e n t i o n  of s u l f u r  i n  the  
cha r  on ly  a t  low re s idence  times. 

INTRODUCTION 

A l a r g e  body of l i t e r a t u r e  e x i s t s  on the  e f f e c t s  of process  v a r i a b l e s  on 
product y i e l d s  from p y r o l y s i s  and g a s i f i c a t i o n  of c o a l  a t  h igh  t empera tu res ,  
o f t e n  i n  the  range of 900" t o  1000°C. However, t h e  independent and t n t e r a c -  
r i v e  i n f l u e n c e  of f a c t o r s  a f f e c t i n g  t h e  mild g a s i f i c a t i o n  behavior  of c o a l s  
has  not  been s tud ied  i n  a sys t ema t i c  manner. Mild g a s i f i c a t i o n  i s  d e f t n e d  as 
d e v o l a t t l i z a t i o n  a t  t empera tures  up t o  700"C, and a t  low p r e s s u r e s ,  l e s s  than  
50 ps i .  The i d e a  is t o  produce condens tb le  hydrocarbon f u e l  from c o a l  i n  a 
low c o s t  p rocess  under mild r e a c t i o n  c o n d i t i o n s  and use t h e  cha r  f o r  b o i l e r  
f u e l .  The e f f e c t s  of tempera ture ,  c o a l  p a r t i c l e  r e s idence  t i m e  and lime addi- 
t i v e  on t he  y i e l d s  of products  from t h e  mild g a s i f i c a t i o n  of Wellmore Kentucky 
No. 8 bituminous c o a l  are presented  he re in .  

EXPERIMENTAL 

Figure  1 shows a schemat ic  of t h e  exper imenta l  r e a c t o r  which c o n s i s t s  of 
two s e c t i o n s .  The top  s e c t i o n  i s  a 1-in. I.D. x 11-f t  l ong  e n t r a i n e d  t u b u l a r  
r e a c t o r  and the  bottom is a 4-in. I.D. x 6-in.  l ong  moving bed r e a c t o r .  The 
t o p  s e c t i o n  can  be used under two s e p a r a t e  sets of  cond i t ions ;  (1) t o  o b t a i n  
s h o r t  c o a l  p a r t i c l e  r e s idence  times i n  the  o r d e r  of a few seconds and (2 )  t o  
prehea t  t he  c o a l  p a r t i c l e s  t o  v a r i o u s  tempera tures  f o r  feeding  i n t o  t h e  moving 
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bed r e a c t o r .  A motor-dr iven vaned a g i t a t o r  keeps t h e  c o a l  moving through t h e  
moving bed r e a c t o r  and empt ies  t h e  char  i n t o  an unheated c o l l e c t i o n  v e s s e l  
below. The product  gas  l i n e s  a r e  loca ted  between t h e  r e a c t o r  and l i q u i d  con- 
d e n s e r s  i n  a manner so as t o  prevent  t a r  accumulat ion i n  the  p o r t s  and t h e  
t r a n s f e r  l i n e s .  A l i q u i d  vythene scrubber  i s  used t o  scrub  t h e  g a s e s  t o  
c o l l e c t  any t r a c e  hydrocarbon car ryover .  

An on- l ine  p r o c e s s  g a s  chromatograph i s  used t o  measure a l l  t h e  l i g h t  
g a s e s  and hydrocarbon products .  The condens ib le  l i q u i d  products  and t h e  c h a r  
a r e  c o l l e c t e d  s e p a r a t e l y .  From t h e  e lementa l  a n a l y s e s  of a l l  the  products ,  a 
complete mass ba lance  i s  obta ined .  

The r e p o r t e d  exper imenta l  y i e l d s  of coproducts  i n c l u d e  f i v e  c a t e g o r i e s  
of hydrocarbons: (1) benzene-toluene-xylene (BTX) , ( 2 )  hydrocarbon (HC) l i q -  
u i d s  which c o n s i s t  of a l l  HC l i q u i d s  h e a v i e r  than  BTX i n c l u d i n g  oxygenates  and 
t a r s ,  ( 3 )  t o t a l  l i q u i d  HC c o n d e n s i b l e s ,  which i s  t h e  sum of  BTX and HC l i q -  
u i d s ,  ( 4 )  gaseous HCs mainly CH4, C2H6, and C2H4 (CO and CO2 a r e  analyzed and 
repor ted  s e p a r a t e l y ,  and H2 and H20 a r e  de te rmined  by d i f f e r e n c e ) ,  and (5 )  
t o t a l  HCs which i s  t h e  sum of a l l  l i q u i d  and gaseous hydrocarbons. The c h a r  
c o l l e c t e d  c o n s i s t s  o f  a l l  t h e  s o l i d  non-vola t i le  r e s i d u e  c o n t a i n i n g  no benzene 
e x t r a c t a b l e  l i q u i d s .  

RESULTS AND DISCUSSION 

A t o t a l  of e i g h t  exper imenta l  r u n s  were performed u s i n g  Wellmore Kentucky 
No. 8 bi tuminous c o a l .  The exper imenta l  c o n d i t i o n s  and t h e  y i e l d s  of t h e  pro- 
d u c t s  a r e  shown i n  Table  1. 

I n  a convent iona l  approach,  t h e  va lue  of one process  v a r i a b l e  i s  changed 
a t  a t ime, thereby  e s t i m a t i n g  i t s  i n f l u e n c e  a t  c o n s t a n t  c o n d i t i o n s  f o r  o t h e r  
v a r i a b l e s .  This, however, assumes t h a t  t h e r e  i s  no i n t e r a c t i o n  between t h e  
v a r i a b l e s .  This h a s  a p o t e n t i a l  of l e a d i n g  t o  e r roneous  conclus ions .  The 
d a t a  i n  Table  1, on t h e  o t h e r  hand, provides  informat ion  on the  i n t e r a c t i v e  
e f f e c t s  of tempera ture ,  r e s i d e n c e  time and l i m e  a d d i t i o n  on the  product  y i e l d s  
i n  which more than  one v a r i a b l e  is changed a t  a time. I n  o t h e r  words, t h e  
i n f l u e n c e  of a l l  v a r i a b l e s  a r e  es t imated  throughout  t h e  range of each and 
e v e r y  v a r i a b l e .  

The exper imenta l  y i e l d s  were c o r r e l a t e d  i n  accordance wLth a f r a c t i o n a l  
f a c t o r i a l  s t a t i s t i c a l  method. The d a t a  from Table 1 can be c l e a r l y  shown i n  a 
three-dimensional  box r e p r e s e n t a t i o n  i n  which t h e  i n t e r a c t i v e  e f f e c t  of a l l  
t h r e e  v a r i a b l e s  can be r e p r e s e n t e d  s imul taneous ly  a long  t h e  t h r e e  axes  of t h e  
cube. This i s  s u p e r i o r  t o  t h e  convent iona l  b i v a r i a t e  p l o t s .  

Figure 2 shows t h e  y i e l d  of t o t a l  hydrocarbon products  a s  a f u n c t i o n  of 
temperature .  r e s i d e n c e  time and percent  l ime a d d i t i o n .  The c i r c l e d  d a t a  a r e  
t h e  experimental  v a l u e s  a t  a g iven  c o n d i t i o n  rounded of f  t o  t h e  n e a r e s t  whole 
number and t h e  number i n  p a r e n t h e s i s  r e p r e s e n t s  t h e  c o r n e r s  of the  cube. The 
numerical d i f f e r e n c e s  i n  y i e l d s  a t  two d i f f e r e n t  c o n d i t i o n s  a r e  a l s o  shown i n  
t h e  f i g u r e  along t h e  axes  wi th  an a p p r o p r i a t e  s ign .  
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The h i g h e s t  t o t a l  hydrocarbon products  y i e l d  was 2 3 . 4 %  (MAF), and i t  
occurred  a t  650°C i n  t he  presence  of 10% lime a t  a 2 min. r e s idence  time. A t  
a g iven  r e s idence  t i m e ,  the  inc remen ta l  y i e l d  of t o t a l  hydrocarbon p roduc t s  
remained v i r t u a l l y  t h e  same a t  a l l  l e v e l s  of l i m e  a d d i t i o n  t e s t e d  s o  f a r .  For 
example, a t  a l l  r e s idence  times, t h e  t o t a l  hydrocarbon y i e l d  inc reased  by 17 
percentage  p o i n t s  a s  a r e s u l t  of an  i n c r e a s e  i n  tempera ture  from 550" t o  
650"C, wi th  10% lime. S imi l a r  e f f e c t s  were no t i ced  when no l ime was added t o  
the  f e e d ,  however, t h e  a c t u a l  i nc remen ta l  y i e l d  i s  a lmost  ha lved  (17% VS. 

9-10%) when compared wi th  the  d a t a  wi th  10% lime. 

A t  a g iven  tempera ture ,  t h e  e f f e c t  of r e s idence  t i m e  and lime a d d i t i o n  on 
t o t a l  hydrocarbon y i e l d  i s  complex. A t  5 5 0 ° C ,  t h e r e  i s  a dec rease  of 4 per- 
centage p o i n t s ,  from 0.1 min. t o  2 min. r e s idence  i n  the  absence  of l i m e ,  
whereas wi th  10% l i m e  a d d i t i v e ,  t h e r e  i s  no change i n  t h e  y i e l d  a t  a l l .  On 
t h e  o t h e r  hand, a t  6 5 0 " C ,  and wi th  10% lime, t h e r e  i s  a marked i n c r e a s e  i n  the  
t o t a l  hydrocarbon y i e l d  with i n c r e a s e  i n  r e s idence  time (8% po in t s ) .  

A t  h ighe r  r e s idence  times, t h e r e  i s  a s l i g h t  i n c r e a s e  i n  the  y i e l d  (3% 
po in t s )  when 10% l i m e  i s  added ( 3 %  VS. 6% at 550°C and 20% VS. 23% a t  650 'C) .  
A t  0.1 min., under i d e n t i c a l  c o n d i t i o n s ,  a smal l  dec rease  i s  seen  (7% VS. 
6% at 550°C and 17% VS. 15% a t  65OoC) ,  which cor responds  t o  no change when 
exper imenta l  e r r o r  i s  taken  i n t o  cons ide ra t ion .  

The estimates of t h e  i n d i v i d u a l  and i n t e r a c t i v e  e f f e c t s  of t he  v a r i a b l e s  
can be made v i a  Yate ' s  a lgo r i thm,  t h e  d e t a i l s  of which a r e  a v a i l a b l e  [ 1 , 2 ] .  
The confounding p a t t e r n  and Yate's a lgo r i thm f o r  t h e  product ion  of t o t a l  
hydrocarbons i s  shown i n  Table 2. F igure  3 i s  a normal p r o b a b i l i t y  p l o t  of 
the  e s t ima ted  e f f e c t s  i n  Table 2 .  

Even though the  tempera ture  seems t o  be appa ren t ly  more e f f e c t i v e  than  
any o t h e r  v a r i a b l e ,  i t  should  be noted  t h a t  t h e  observed  r e s u l t s  can  n o t  be 
expla ined  on the  b a s i s  of tempera ture  a lone .  An i n t e r a c t i v e  e f f e c t  i nvo lv ing  
the  v a r i a b l e s ,  t empera ture  and l i m e  a d d i t i o n ,  seems to be more s i g n i f i c a n t .  
A t  a h ighe r  tempera ture ,  r e a c t i o n s  r e q u i r i n g  h igher  a c t i v a t i o n  e n e r g i e s ,  which 
would n o t  o the rwise  occur  a t  a lower r e a c t i o n  t empera tu re ,  become more proba- 
b l e .  The removal of primary t a r  v i a  secondary c rack ing  r e a c t i o n s  on t he  sur- 
f a c e  of t he  added l i m e  t o  produce l i g h t e r  hydrocarbons seems t o  be f avored  by 
an i n c r e a s e  i n  r e s idence  t i m e  which e x p l a i n s  a h ighe r  incrementa l  y i e l d  of 8 
percentage  p o i n t s  from 15% ( a t  650"C,  0.1 min., 10% l ime)  t o  23% ( a t  65OoC, 2 
min., 10% l ime) .  This  i s  i n  agreement wi th  ear l ier  r e p o r t s  on t h e  c a t a l y t i c  
e f f e c t  of i n o r g a n i c  m a t e r i a l s  on t h e  decomposition of pr imary  tar  1 3 1 .  

The v a r i a t i o n  i n  t o t a l  hydrocarbon condens ib l e  product  y i e l d  wi th  tem- 
p e r a t u r e ,  r e s idence  t i m e  and l i m e  a d d i t i o n  i s  shown i n  F igure  4.  The e f f e c t  
of the  p rocess  v a r i a b l e s  on t h e  l i q u i d  hydrocarbon y i e l d  i s  similar t o  t h a t  on 
t h e  t o t a l  hydrocarbon ( l i q u i d  and g a s )  y i e l d .  The y i e l d  of gaseous  hydrocar- 
bons is much smaller than  the  l i q u i d  hydrocarbon y ie ld .  No d e t e c t a b l e  hydro- 
carbon o r  o t h e r  gases  were produced at  550°C.  The h i g h e s t  observed gas  y i e l d  
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was 1% a t  650°C and 0.1 min. r e s i d e n c e  time. This i n d i c a t e s  t h a t  t h e  e x p e r i -  
mental  c o n d i t i o n s  a r e  much more f a v o r a b l e  f o r  t h e  product ion  of l i q u i d  hydro- 
carbons.  

A t  5 5 0 ° C ,  t h e  BTX y i e l d  was c o n s t a n t  a t  1.6% MAF and was n o t  a f f e c t e d  by 
r e s i d e n c e  t ime or l i m e  a d d i t i v e  ( F i g u r e  5) .  A t  650"C, t h e  BTX y i e l d  v a r i e d  
between 3.1% and 4.4% depending on o t h e r  c o n d i t i o n s .  A t  650"C, a d d i t i o n  of 
l ime increased  t h e  BTX y i e l d  by 0.4 percentage  p o i n t s  bo th  at  0.1 min. and 2 
min. res idence  times; a t  t h e  same tempera ture ,  i n c r e a s e  i n  r e s i d e n c e  t ime 
caused an i n c r e a s e  i n  BTX y i e l d  of 0.9 percentage  p o i n t s ,  b o t h  wi th  no l i m e  
and with 10% lime a d d i t i o n .  From this, i t  can be i n f e r r e d  t h a t  t h e  BTX y i e l d  
i s  i n f l u e n c e d  by a n  i n t e r a c t i v e  e f f e c t  i n v o l v i n g  the v a r i a b l e s ,  t empera ture  
and r e s i d e n c e  time. 

From a n  e l e m e n t a l  a n a l y s i s  of t h e  hydrocarbon l i q u i d s ,  t h e  hydrogen t o  
carbon r a t i o  w a s  c a l c u l a t e d .  The H/C r a t i o  v a r i e d  between 0.85 t o  1.08 
( F i g u r e  6). I n  g e n e r a l ,  a t  55OoC, t h e  H/C r a t i o  of t h e  l i q u i d  was c l o s e  t o  
u n i t y  (average  of 1.03) and a t  65OoC, t h e  H / C  was  s l i g h t l y  l e s s  than  u n i t y  
(average of 0.93).  A t  650°C, e i t h e r  a d d i t i o n  of l ime o r  i n c r e a s i n g  t?e r e s i -  
dence t ime, i n c r e a s e d  the  H / C  r a t i o  of t h e  l i q u i d  product .  

The pr imary purpose of t h e  a d d i t i o n  of l ime t o  the  c o a l  feed  was t o  
i n c r e a s e  t h e  r e t e n t i o n  of s u l f u r  i n  t h e  s o l i d  r e s i d u e .  The s u l f u r  c o n t e n t  
of t h e  c h a r  was determined v i a  e lementa l  a n a l y s i s .  From a knowledge of t h e  
s u l f u r  m a t e r i a l  b a l a n c e ,  t h e  percentage  of t h e  s u l f u r  i n  t h e  feed  c o a l  that  
remained i n  t h e  c h a r  was c a l c u l a t e d .  The r e s u l t s  a r e  p i c t o r i a l l y  r e p r e s e n t e d  
i n  Figure 7 a s  before .  The presence of l ime in t h e  feed had a s i g n i f i c a n t  
e f f e c t  on t h e  r e t e n t i o n  of s u l f u r  i n  the  char  o n l y  a t  low r e s i d e n c e  times. 
For example, a t  0.1 min., a d d i t i o n  of 10% lime t o  t h e  feed  i n c r e a s e d  s u l f u r  
r e t e n t i o n  i n  t h e  c h a r  by 12 t o  14 percentage  poin ts .  In g e n e r a l ,  t empera ture  
h a s  s l i g h t  n e g a t i v e  a f f e c t s  and an i n c r e a s e  i n  r e s i d e n c e  t ime,  o t h e r  condi-  
t i o n s  being e q u a l ,  t e n d s  t o  decrease  t h e  r e t e n t i o n  of s u l f u r  i n  char .  As much 
as 91% of t h e  o r i g i n a l  s u l f u r  was r e t a i n e d  i n  t h e  char  a t  550°C, 0.1 min. 
res idence  time and i n  the presence  of lime. However, i t  should be remembered 
t h a t  the t o t a l  hydrocarbon y i e l d  under t h e s e  c o n d i t i o n s  was low a t  6.4% (MAF). 
A t  c o n d i t i o n s  of maximum hydrocarbon product ion  (22.6%), su lEur  r e t e n t i o n  i n  
t h e  char was o n l y  79%. 

CONCLUSIONS 

A summary of 
Wellmo re Kentucky 

t h e  conclus ions  f o r  the  e f f e c t  of p r o c e s s  v a r i a b l e s  
No. 8 c o a l  a r e  as fo l lows:  

on t h e  

The h i g h e s t  t o t a l  condens' ible hydrocarbon y i e l d  of 22.6% (MAF) w a s  
ob ta ined  a t  650°C and 2 min. c o a l  res idence  t i m e  i n  t h e  presence  of 10% 
lime a d d i t i v e .  The gaseous HC y i e l d  adds o n l y  another  0.8% t o  t h e  t o t a l  
HC y i e l d .  
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Even though t h e  a b s o l u t e  y i e l d s  were d i f f e r e n t ,  t h e  t rend  i n  t h e  t o t a l  
condens ib le  hydrocarbon y i e l d  was similar a t  b o t h  res idence  times of 0.1 
and 2 min. For example, a t  t h e  lower r e s i d e n c e  time of 0.1 min. ,  
i n c r e a s i n g  the  tempera ture  from 550" t o  650°C r e s u l t e d  i n  an 8 to 10 
percentage p o i n t s  i n c r e a s e  i n  the  hydrocarbon condens ib le  y i e l d ,  both 
wi th  and wi thout  t h e  l ime a d d i t i v e .  A t  t h e  h i g h e r  r e s i d e n c e  t ime of 2 
min., t h e  i n c r e a s e  i n  t h e  y i e l d  was 16 percentage  p o i n t s ,  a l l  o t h e r  
c o n d i t i o n s  remaining the  same. 

e The e f f e c t  of c o a l  r e s i d e n c e  time on t o t a l  hydrocarbon y i e l d  was s i g n i f i -  
c a n t  on ly  a t  t h e  h igher  (65OOC) tempera ture  l e v e l  and i n  t h e  presence  of 
t h e  lime a d d i t i v e .  For example, a t  650°C and i n  t h e  presence of lime, 
t h e r e  was a n  i n c r e a s e  of 8 percentage  p o i n t s  i n  a b s o l u t e  y i e l d  which 
amounts t o  about  a 55% i n c r e a s e  i n  t h e  r e l a t i v e  y i e l d  (14% MAF t o  2 2 %  
MAF) . 
The presence of l i m e  i n  t h e  feed had a b e n e f i c i a l  e f f e c t  on t h e  re ten-  
t i o n  of s u l f u r  i n  t h e  c h a r  o n l y  a t  low r e s i d e n c e  t imes.  In g e n e r a l ,  an 
i n c r e a s e  in r e s i d e n c e  time, o t h e r  c o n d i t i o n s  be ing  e q u a l ,  t ends  t o  de- 
c r e a s e  the  r e t e n t i o n  of s u l f u r  i n  char .  

As much a s  91% of t h e  o r i g i n a l  s u l f u r  was r e t a i n e d  in t h e  char  a t  55OoC, 
0.1 min r e s i d e n c e  time and i n  t h e  presence  of l i m e ;  however, t h e  t o t a l  HC 
y i e l d  under t h e s e  c o n d i t i o n s  was low a t  6.4% (YAF). A t  c o n d i t i o n s  of 
maximum condens ib le  hydrocarbon product ion  ( 2 2 . 6 % ) .  s u l f u r  r e t e n t i o n  i n  
t h e  char w a s  on ly  79%. 

The H/C r a t i o  of t h e  t o t a l  hydrocarbon condens ib les  is found t o  be c l o s e  
t o  u n i t y  (1.0).  This i n d i c a t e s  t h e  h i g h l y  a romat ic  composi t ion of t h e  
condens ib les .  
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Table 1. Experimental Y ie lds  of Products  from Mild G a s i f i c a t i o n  of Coals. 
E f f e c t  of P rocess  V a r i a b l e s  

N2 Sweep Gas 15 p s i g  

Res. Conversion,  U t %  MAF Feed Coal 
Run Temp. Time Addit ive 
No. O C  (min) X lime BTX HC To ta l  Gas To ta l  

l i q u i d s  HC Cond. 

1042 550 
1047 650 
1041 550 
1043 650 
1040 550 
1045 650 
1044 550 
1027 650 

0.1 
0.1 
2.0 
2.0 
0.1 
0.1 
2.0 
2.0 

0 1.6 5.4 
0 3.1 13.9 
0 1.6 4.8 
0 4.0 10.2 

10 1.6 1.1 
10 3.5 15.3 
10 1.6 4.5 
10 4.4 18.2 

7.0 0.0 7.0 
17.0 0.2 17.2 
6.4 0.0 6.4 

14.2 0.9 15.1 
2.7 0.0 2.7 

18.8 1.0 19.8 
6.1 0.0 6.1 

22.6 0.8 23.4 

Table 2. Yate ' s  Algorithm f o r  t h e  Product ion of T o t a l  HC from Kentucky No. 8. 

Run Yield 
No. W t  X ( 1 )  ( 2 )  ( 3 )  Div i so r  Es t ima te  E f f e c t  

Coal Feed 

1042 7.0 24.2 45.7 97.7 8 12.2 Average 
1047 17.2 21.5 52.0 53.3 4 13.3 T 
1041 6.4 22.5 18.9 4.3 4 1.1 R 
1043 15.1 29.5 34.4 1.3 4 -0.3 TR 
1040 2.7 10.2 -2.7 6.3 4 1.6 A 
1045 19.8 8.7 7.0 15.5 4 3.9 TA 
1044 6.1 17.1 -1.5 9.7 4 2.4 RA 
1027 23.4 17.3 0.2 1.7 4 0.4 TRA 

T , =  temperature;  R = r e s idence  t i m e ;  A = % l ime a d d i t i v e .  

( 1 . 9 )  
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Figure 1. Schematics of Experimental System. 

'2.0 

*2.* ? 

T I S  6 

sa3 3 

a 0 0  

sa.? s 

21.4 2 

?.I I 

-m -a o +a +m 

Figure 2. Total Hydrocarbon Y t e l d  Figure 3. Nom1 Probability Plot of 
from Kentucky No. 8 Coal. Total Hydrocarbon Yield 

Contrasts from Kentucky No. 0 
Coal. 
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Figure 4 .  Total Hydrocarbon Condensible f igure  5. BTX Yield from Kentucky No. 8 Coal. 
Liquid Yield from Kentucky 
No. 8 Coal. 
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Figure 6. W C  Ratio of Kydrocarbon Figure 7 .  Sulfur Retention i n  the mar  
Uquids  from Kentucky No. 8 
Coal. 

of Kentucky No. 8 Coal. 
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